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introduction
Essential thrombocythemia (ET) is a clonal disorder of the hematopoietic stem cells that is part of the chronic myeloproliferative neoplasms (cMPN). 1 ET diagnosis requires a sustained increase in platelet count (≥ 450 x 103/mm 3 ) and megakaryocytic hyperplasia. Furthermore, to diagnose ET, there should not be any clinical, pathological or molecular evidence to support the diagnosis of polycythemia vera, myelofibrosis, chronic myelogenous leukemia, myelodysplastic syndrome or reactive thrombocytosis. 2 Among the cMPN, ET is the most common and also has the most favorable clinical course. Survival is about 20 years in patients diagnosed with ET after 60 years of age, and approximately 33 years for younger individuals. 3, 4 Several authors identified molecular alterations in ET such as Janus Kinase 2 (JAK2) V617F mutation in 60% of patients, mutations in the thrombopoietin receptor gene in 4%, and mutations in the calreticulin gene in 15 to 32% of them. [5] [6] [7] These findings relate to the pathogenesis of ET and are important to differentiate it from reactive throm-bocytosis. The absence of these molecular changes, however, does not exclude ET, since 15 to 20% of the patients can be triple negative. 3, 8 There is no relationship between mutational status and reduced survival in ET. 3 The natural history of ET is characterized by the increase in vascular complications and potential risk of progression to acute myeloid leukemia in about 5%, while transformation into myelofibrosis is a little more frequent. 8 Since thrombotic events constitute the main complication of ET and because of its impact on survival, risk stratification for thrombosis is an essential part of the initial clinical evaluation of ET patients. In fact, being over the age of 60 years and having a history of previous thrombosis are two well-established risk factors for thrombosis in these patients. These two factors allowed to stratify ET subjects into a low-(without any of these two risk factors) or a high-risk category (presence of one or both factors). [8] [9] [10] Based on this classification, clinical guidelines advise prescribing cytoreductive therapy for high-risk patients in order to avoid thrombotic complications. 9, 10 Recently, the International Prognostic Score for Thrombosis in Essential Thrombocythemia (IPSET--thrombosis) study 10 examined the impact of new risk factors for ET risk-stratification. In fact, IPSET-thrombosis includes, in addition to age and previous history of thrombosis, the presence of JAK2 mutation and cardiovascular risk factors (hypercholesterolemia, hypertension, diabetes mellitus, and smoking).
In our study, we applied the IPSET-thrombosis and compared it with the risk stratification system traditionally used in patients with ET based on age and previous history of thrombotic events. Additionally, we sought to identify which risk factors were associated with thrombosis in this population.
Method
This study included 46 patients with a diagnosis of ET established according to the revised criteria of World Health Organization in 2008. We obtained patient information from electronic health records, which include all the clinical data from April 2008 onwards. Data was collected retrospectively, at a single public university institution, Hospital Estadual Mário Covas (HEMC), Faculdade de Medicina do ABC (FMABC).
We analyzed the following data: demographic characteristics (sex, age), clinical and laboratory data (complete blood count at diagnosis and JAK2 mutation), history of previous thrombosis, bleeding or thrombotic events during follow-up. In addition, we analyzed the presence of cardiovascular risk factors such as hypertension, diabetes, current or recent smoking habit, and dyslipidemia. In this study, we considered as thrombotic events: acute myocardial infarction, ischemic stroke, deep vein thrombosis and arterial thrombosis if documented by imaging studies.
We stratified patients according to the traditional classification strata in two groups: low risk and high risk for thrombosis. In this classification, the presence of any one of the two criteria (age ≥ 60 years or previous thrombosis) already defines the risk as high. We also classified patients according to the recent IPSET-thrombosis score that identifies three risk groups: low (0-1 points), intermediate (2 points), and high risk (3-4 points). IPSET-thrombosis considers the following variables: age (1 point), presence of cardiovascular risk factors (1 point), presence of JAK2 V617F mutation (2 points), and a history of thrombosis (2 points).
For statistical analysis, we evaluated associations between categorical variables using Chi-square or Fisher exact tests. In order to assess the presence of significant associations between qualitative and quantitative variables, we used t-Student test. All analyses were carried out with the aid of the SPSS® software version 17.0 (SPSS ® Inc.; Illinois, USA). We considered significant p-values less than 0.05 (p<0.05).
results
Between April 2008 and January 2015, we included 46 consecutive patients with a diagnosis of ET seen at HEMC. The median age at diagnosis was 61 years, with a female predominance. Microcirculatory symptoms were reported by approximately one-third of the patients, headache being the most frequent complaint. Fifteen (32.6%) patients had splenomegaly at diagnosis; 24 (52.2%) had hypertension; 5 (10.9%) had diabetes; 17 (37%) had dyslipidemia; and 8 (17.4%) were smokers. The median white blood cells (WBC) and platelet counts were 9,375/mm 3 and 753,000/mm 3 , respectively. Twenty patients (43.5%) had WBC greater than 11,000/mm 3 and 12 (26%) had a platelet count greater than 1 million/mm 3 . We tested 42 patients (91.3%) for JAK2 V617F mutation, of which 24 (57.1%) were positive for this abnormality. Table 1 summarizes the clinical and laboratory data of the patients included at diagnosis.
According to the current risk classification, we classified 16 patients (34.8%) as low risk and 30 as high risk for thrombosis at diagnosis (Table 2) . Of the 19 patients who had thrombotic events, two had these events before the diagnosis of thrombosis, while 11 presented these events concomitant to the diagnosis of ET, and six had thrombotic events during follow-up. Thirteen patients (68.4%) presented arterial thrombosis and six (31.6%) had venous thrombosis. Of the patients who experienced thrombotic events, two belonged to the low-risk category and 17 to the high-risk, by the classical risk classification (Table 3) . Of the 17 patients classified as high risk for thrombosis, 14 (82.3%) were using cytoreductive therapy with hydroxyurea. Applying IPSET--thrombosis, we observed that the low-risk category consisted of only 12 patients; the high-risk group had 24 patients, while eight patients had intermediate risk (Table 2) . Two patients, however, could not be classified by IPSET-thrombosis because of the absence of data regarding JAK2 mutations, and both belonged to the high-risk group by the previous classification due to age above 60 years. Of the four patients who were no longer considered low risk, when we applied the IPSET-thrombosis score, two were allocated to the IPSET-thrombosis high-risk category and two to the intermediate-risk category. Interestingly, the two patients reclassified as highrisk by IPSET-thrombosis developed thrombosis during follow-up. Furthermore, considering the parameters of IPSET-thrombosis, no low-risk patient had any thrombotic event during the follow-up period. We observed only one patient categorized as intermediate risk with a thrombotic event detected prior to ET diagnosis, while 18 (75%) of the high-risk category patients had thrombotic complication during follow-up (Table 3) . While evaluating in our population the risk factors that could correlate with thrombosis, we observed that patients with a thrombotic event in the venous territory had significantly more instances of splenomegaly (p=0.01). In relation to arterial thrombosis, risk factors identified were the presence of a cardiovascular risk factor (p<0.001) and high WBC at diagnosis (p=0.02). Age over 60 years and the presence of JAK2 mutation were not significantly associated with arterial or venous thrombotic phenomena in our study sample (Table 4) .
discussion
Indication of therapy in patients with ET depends on their thrombotic risk. [11] [12] [13] Therefore, prognostic systems to classify patients into risk categories are critical because they should receive myelosuppressive therapy if classified as high risk. However, if patients are deemed as having low risk for thrombosis, myelosuppressive therapy can be avoided. Therefore, attempts to improve current risk estimation algorithms include additional variables with potential prognostic impact such as the presence of JAK2 mutation and cardiovascular risk factors. 1, 10 As a result, a new model was recently proposed and called IPSET--thrombosis score.
In our population, according to the current risk stratifying protocol based solely on age and previous history of thrombosis, 16 patients belonged to the low-risk and 30 to the high-risk group. Applying the IPSET-thrombosis score, we observed a decrease in size of the low-risk group, since two patients were allocated to the intermediate and two to the high-risk group. The two patients who were categorized as high risk by IPSET-thrombosis were not receiving cytoreductive therapy and developed thrombosis during follow-up. Possibly, if we had employed IPSET-thrombosis classification initially, these two patients would have received cytoreductive therapy and perhaps would not have had thrombotic manifestations. It is important to stress that none of the patients considered low-risk based on the IPSET-thrombosis classification had any thrombotic event during our study.
In relation to the high-risk group of the traditional classification containing 30 patients, in only 28 we were able to apply the IPSET-thrombosis score. Twenty-four patients remained in the high-risk category of the IPSET--thrombosis criteria. Of the four patients who were removed from the high-risk group, three were allocated into the low-risk category and one into the intermediate-risk according to IPSET-thrombosis criteria. All these patients were receiving cytoreductive therapy, and none of them presented clinical thrombosis during follow-up. Therefore, we could have spared perhaps two patients from cytoreductive therapy. Furthermore, in our study, the application of IPSET-thrombosis would have changed the risk classification in six (13.6%) and the management of at least four (9.5%) patients. Our results agree with those of Barbui et al., 10 who also showed that IPSET-thrombosis outperform the traditional risk stratification system. So far, the indication of treatment for ET is guided by the guidelines of the LeukemiaNet, 14 which is based on the traditional risk stratification. 15 In the future, however, some authors already believe that the IPSET-thrombosis classification will be incorporated to stratify patients with ET. 8, 9, 16 The demographic characteristics, clinical and laboratory parameters of our sample of patients are similar to those described in the literature. 3 Hemorrhagic events were less prevalent than the thrombotic ones also in agreement with previous studies. [17] [18] [19] Additionally, in agreement with other authors, we found a significant association between splenomegaly and venous thrombosis, and cardiovascular risk factors and a high WBC with arterial thrombosis. 1, 7, 8, 10, 16 Interestingly, age ≥ 60 years in our cohort of patients was not a significant risk factor for thrombosis. The lack of correlation between older age and thrombosis was also seen in other recent studies such as those of Lekovic et al. 1 and Montanaro et al. 20 The presence of JAK2 mutation was not significantly associated with thrombosis in our study, contrary to information well-established in the literature. 14, 16, [20] [21] [22] We believe that our small sample size may explain why we found no correlation between thrombosis risk and the presence of JAK2 mutation.
Our study has limitations. It is retrospective and included a small sample of ET patients who had a relatively short follow-up. However, even considering the shortcomings mentioned above, we could clearly see that the risk classification afforded by IPSET-thrombosis could improve the therapeutic management of ET in about 10% of patients.
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